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(57) Abstract: A Polymer Electrolyte 
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membrane (SI 2), and then immersing 
it into a basic polymer solution to 
impregnate the membrane with the basic 
polymer (SI 4). The basic polymer is 
introduced in a large quantity into a site 
acting as a proton conduction pass of 
the main-polymer to take charge of the 
proton conduction. Since in the Polymer 
Electrolyte Membrane, a base polymer 
takes charge of proton conduction as 
compared with the case where proton 
takes charge of the proton conduction as a 
hydrate, the ba.se polymer shows favorable 
proton conductivity even in a low humidity 
state at an elevated temperature exceeding 
boiling point of water 
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POLYMER ELECTROLYTE MEMBRANE AND MEfflOD OF PRODUCTION 

THEREOF 



Field of the Invention 

5 

The present invention telates to a Polymer Electrolyte Membrane and a method of 
production thereof, and more particularly, it lelates to a Polymer Electrolyte Membrane 
used as an electrolyte for a Polymer Electrolyte Membrane fuel ceU and its production 
method. 

10 

Background of die Inventibn 

As the Polymer Qectrolyte Membrane of this sort, a mixture of acidic perfluoro 
polymer that have acidic groups with basic polyediylene oxide polymer is proposed (for 
15 instance, Japanese Patent Application No. 10-249463 etc). This electrolyte mmfacane is 
formed using a mixed solution made by miung a solution of acictic perfluoro polymer that 
have acidic groups with a solution of basic polyethylene oxide polymer^ and is reported to 
show favorable proton conductivity in a bigh-tcmpcrature low-humidity state. 

As another Polymer Electtolyte Membrane, a substance made by immersing a 
20 basic polymer mto phosphoric acid is proposed(for instance, Published Japanese 

Translation of PCT Application, JP-T-l 1-503262 etc.). This electrolyte membrane is also 
reported to show favorable proton conductivity m a hig^-temperature low humidity state. 

The existence of water is inevitable whra tiie proton conduction is performed by 
tiie migration of ionized proton hydrate, and at the same time, the favorable proton 
25 conductivity can not be obtained at a tempemture exceeding the boiling point of water. In 
consideration of these disadvantages, the conduction with the ionized proton is peiformed 
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in a manner excepting the hydration process. The tenn "a high-temperature iow-bumidity 
staie'^ u us&u tc describ?- s smte in which the temperature exceeds the boiling point of 
water with the relative humidity is less than 100%. 

However, in order to achieve high p^ormance of a fuel cell further improvement 
in proton conductivity has been required for the Polymer Electrolyte Membrane which is 
used as an electrolyte membrane. In addition, the latter Polymer Electrolyte Membrane 
has a disadvantage that the proton conductivity is lowered with the use of the electrolyte 
membrane. 

Disclosure of the Invention 

An object of die present invention is to improve the proton conductivity of a 
Polymer Electrolyte Membrane. Another object of the present invention is to obtain a 
Polymer Electrolyte Membrane having favorable proton conductivity in a high-tonperature 
low humidity state. An object of the method of produdng the Polymer Electrolyte 
Membrane of tiie present invention is to produce a Polymer Electrolyte Membrane 
showing favorable proton conductivity in a high-tcmperature low humidity state. 

In order to achieve at least a part of the above-described objects, the Polymer 
Electrolyte Membrane of the present invention and the method of production thereof adopt 
the following st^s. 

A Polymer Electrolyte Membrane in a first aspect of the present invention is a 
Polymer Electrolyte Membrane used as an electrolyte membrane for a Polymer Electrolyte 
Mrabrane fuel cell. This membrane comprises a nmin-polymer having an acidic or basic 
site, and sub-polymers capable of forming an acid/base composite structure with a main- 
polymer, wherein the sub-polymers are introduced more into the mam-polymer at the 
acidic or basic sites of the main-polymer. 
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Li the Polymer Electrolyte Membrane in the first aspect of the present invention, 
the main-polymer and the sub-polymer form an acidA>ase composite structure and the sub- 
polymer takes charge of proton conduction. At this time, since the sub-polymers are 
introduced more at acidic or basic sites of the main-polymer, the membrane shows more 
5 favorable proton conductivity as compared with the one in which sub-polymers are equally 
introduced. Furthermore, since the sub-polymer takes charge of the proton conduction, 
more favorable proton conductivity can be obtained even in a high-temperature low 
humidity state as compared with fiie case where water is in charge of the proton conduction. 
A Polymer Electrolyte Membrane in a second aspect of the present invention is a 
10 Polymer Electrolyte Membrane used as an electrolyte membrane for a Polymer Electrolyte 
Membrane fuel cell, made by impregnating a sub-polymcr capable of forming an acid/base 
composite structure with a main-polymer into the membrane body formed with a main- 
polymer having acidic or basic sites. 

In the Polymer Electrolyte Monbrane in fhe second aspect of fhe present 
15 invention, the main-polymer and tiie sub-polymer form an acid/base composite structure 
and the sub*polymer takes charge of proton conduction. Since the sab-polym» is 
introduced into the main-polymer by impregnation, the sub-polymer eusts in the clearance 
of the main-polymer. Since this clearance of the main-polymcr is used for the proton 
conduction, the conduction of proton by the sub-polymer is performed efficiently. In 
20 addition, since the sub-polymer takes charge of the proton conduction, more favorable 
proton conductivity can be obtained even in a high-temperature low humidity state as 
compared with the case where water is in charge of the proton conduction. 

In such a Polymer Electrolyte Membrane in the first or second aspect according to 
the present invention, the above-described main-polymer may be a polymer having a 
25 stmcture separately comprising a backbone portion for maintaining a membrane 
configuration, which does not contain an acidic or basic site, and a functional portion 
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having an acidic or basic site. In the Polymer Electrolyte Membrane in the first or second 
aspect according to the present invention, the main-polymer can be made of a polymer 
having a sulfonic acid group, a phosphonic acid group, a carboxyi acid group or a boronic 
acid group. 

5 In the Polymer Electrolyte Membrane in the first or second aspect according to 

the present invention in which the main-polymer i^ made of a polymer having a sulfonic 
acid group, a phosphonic acid group, a carboxyl acid group or a boronic acid group, the 
main-polymer can be a perfluorosulfonic acid type polymer or can be an ethylene- 
tetrafluoroefhylene-graft-polystyrene sulfonic acid type polymer. 

10 In the Polymer Electrolyte Membrane in the first or second aspect according to 

the present invention in which the main-polymer is made of a polymer having a sulfonic 
acid group, a phosphonic acid group, a carboxyl acid group or a boronic acid group, the 
sub-polymer is preferably a polymer having a glass-transition tempecatore of ISO^C or less, 
or having the molecular weight of 100 or more. Smce the sub-polymer becomes difficult 

15 to isolate from the main-polymer in accordance with the increase in the molecular weight, 
the proton conductivity in a high-temperature low-humidity state can be maintained for a 
long time. Furthermore, it is preferable for the sub-polymer to contain any one of the 
functional groups having structure expressed by the following equations (1 1) to (15) as a 
general formula, and it is particularly preferable to contain any one from polyethylene 

20 glycol, polypropylene glycol, polyethylene imine and polyphosphoric acid. 

[Chentsl 
-O- ...(11) 
-S- ...(12) 
25 -N- ...(13) 

I 
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-P- ...(14) 
-CO- ...(15) 

In the Polymer Electrolyte Membrane in the first or second aspect of the present 
5 mvention, the sub-polymer may be the one introduced to the main-polymer by being 
impregnated into the main-polymer in a state of liquid or solution. In the Polymer 
Electrolyte Membrane in the first or second of the present invention, the main-polymer and 
the sub-polymer may be made by closslink formation or by increasing the molecular 
weight in conjunction with each other or singly, fii this way, isolation of the introduced 
10 sub-polymer from the main-polymer can be prevented. 

Furthermore, in the Polymer Electrolyte Membrane in the first or second aspect 
according to the present invention, the sub-polymer preferably contains any one of 
functional groups having a structure expressed by the following equations (16) to (20) as a 
goieral formula. 

15 

[chenL 4I 
-O- ...(16) 
-S- ...(17) 
-N- ...(18) 

20 I 

-P- ..,(19) 
-CO- ,..(20) 

In the Polymer Electrolyte Membrane in the first or second aspect according to 
25 the present invention, any one of polybenzmiidazole, polyvinyl imidazole, polyvinyl 
pyridine, ethylene-tetrafluoroethylene-graft-polyvinyl imidazole, ethylene- 
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tetrafluoroethylcne-graft-polyvinylpyriditie, polyphosphonate, polyalkylcne glycol, and 
polyalkyleiumine can be used as the main-polymer. In the Polymer Electrolyte Membrane 
in the first or second aspect of the present invention, the sub-polymer may comprise a 
polymer having a sulfonic acid group, a phosphonic acid group, a carboxyl acid group, or 

5 a boronic acid group (-B (OH),). In particular, a perfluorosulfonic acid type polymer is 
preferably used as the sub-polymer. It should be noted that the amount of the sub-polymer 
is from lwt% to 90wt% of the mam-polymer and preferably 30wt% to 60wt%. 

A Polymer Electrolyte Membrane of a third aspect of the present invention is a 
Polymer Electrolyte Membrane used as an electrolyte membrane for a Polymer Electrolyte 

10 Membrane fuel cell, which is comprised of a main-polymer having an acidic site, and a 
sub-polymer having a relatively basic site with respect to the acidic site of the main- 
polymer and being capable of forming an acid/base composite structure with the main- 
polymer, wherein the Polymer Electrolyte Membrane is formed by introducing the sub- 
polymer into the main-polymer. 

15 In the Polymer Electrolyte Membrane in the third aspect according to the present 

invention, the main-polymycr having an acidic site and the sub-polymer having a relatively 
basic site with respect to tiie acidic site of the main-polymer form an acid/base composite 
structure and the sub-polymer takes charge of the proton conduction. Since the sub- 
polymer is intzoduced into the main-polymer, the sub-polymer exists in the clearance of the 

20 main-polymer. Since this clearance of the main-polymer is used for the proton conduction, 
Ae conduction of proton by the sub-polymer is performed efficiently. In addition, since 
the sub-polymer takes charge of the proton conduction, more favorable proton conductivity 
can be obtained in a high-temperature low humidity state as compared with the case where 
water is m charge of the proton conductioa 

25 A Polymer Electrolyte Membrane of a fourth aspect of the present invention is a 

Polymer Electrolyte Membrane used as an electrolyte membrane for a Polymer Electrolyte 
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Membrane fuel cell, which is comprised of a main-polymer having a basic site, and a sub- 
polymer having a relatively acidic site in respect to the basic site of the main-polymer and 
being capable to form an acid/base composite structure with the main-polymer, wherein 
the Polymer Electrolyte Membrane is formed by introducing the sub-polymer into the 
5 main-polymer. 

In the Polymer Electrolyte Membrane in the fourth according to the present 
invention, the main-polymer having a basic site and the sub-polymer having a relatively 
acidic site with respect to the basic site of the main-polymer form an acid/base composite 
structure and the main-polymer takes charge of the proton conduction. Since the sub- 
10 polymer is introduced into the main-polymer, the sub-polymer exists in the clearance of the 
main-polymer. Since this clearance of the main-polymer is used for the proton conduction, 
the conduction of proton by the main-polymer is performed efficiently. Li addition, since 
the main-polymer talces dbarge of the proton conduction, more favorable proton 
conductivity can be obtained in a high-temperatme low huioudity state as compared with 
15 the case where water is in charge of the proton conduction. 

A method of production of a Polymer Electrolyte Membrane of the present 
invention is a production method of a Polymer Electrolyte Membrane used as the 
electrolyte membrane for a Polymer Electrolyte Membrane fuel cell. The method 
comprises the steps of membrane forming to form a membrane body with a main-polymer 
20 having an acidic or a basic site, and introducing a sub-polymer capable of forming an 
acid/base composite stmcture with the main-polymer into the membrane body of main- 
polymer thus fonned. 

According to the production method of the Polymer Electrolyte Membrane of tide 
present invention, a Polymer Electrolyte Membrane showing favorable proton conductivity 
25 even in a high-temperature and low humidity state can be produced. It shotfld be noted 
that the Polymer Electrolyte Membrane produced according to this production method 
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forms an acid/base composite structuie with die main-polymer and the sub-polymer, and 
the basic site of main or sub polymer takes charge of the proton conduction. 

Brief Description of the Drawings 

5 

FIG. 1 is a schematic view schematically illustrating a mann^ of proton 
conduction petformed by a Polymer Electrolyte Membrane of the embodiment according 
to the present invention; 

FIG. 2 is a production flow chart showing an example of the production process 
10 of the Polymer Electrolyte Membrane of the embodiment; 

FIO. 3 is a graph illustrating the relationship between temperature and proton 
conductivity in the anhydrous state when polypropylene glycol is used as the sub-polymer 
and an ahready-existing acid type polymer as the mainrpolymer in the Polymer Electrolyte 
Membrane in the embodiment; and 
15 FIG. 4 is a graph illustrating the relationship between temperature and proton 

conductivity in the anhydrous states when polypropylene glycol is used as the sub-polymer 
and polyethylene imine as the sub-polymer in the Polymer Electrolyte Membrane in the 
embodiment 

20 Detailed Description of the Preferred Embodunents 

Embodiments of the present invention will be explained next. FIG. 1 is a 
schematic view schematically illustrating a manner of the proton conduction p^ormed by 
a Polymer Electrolyte Membrane 20 of an embodiment of the present invention. The 
25 Polymer Electrolyte Membrane 20 of the embodiment is used as an electrolyte membrane 
for a Polymer Electrolyte Membrane fuel cell, and as shown in the figure, it is comprised 
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of a basic sub-polymer 24 (for instance, polypropylene glycol etc.) having a molecular 
weight of 100 or more and a glass transition temperature of ISO^'C or less, preferably 100°C 
or less and a membrane formed with an acidic main-polymer 22 (For instance, a sulfonic 
acid type polymer etc.) having proton conductivity, wherein the basic sub-polymcr 24 is 
5 introduced into the acidic main-polymer 22 by impregnation. 

In the Polymer Electrolyte Membrane 20 of the embodiment* proton ionized from 
the main-polymer 22 transfers using the sub-polymer 24 as a conduction pass. Therefore* 
favorable proton conductivity can be obtained with the Polymer Electrolyte Membrane 20 
of the embodiment ev^ at a temperature exceeding the boiling point of water, though the 
10 favorable proton conductivity can not be obtained unless its temperature is below the 
boiling point of water because the existence of water is absolutely necessary in the case 
when the proton migrates as a hydrate of the proton,. 

The process of production of the Polymer Electrolyte Membrane 20 of the 
embodiment will be explained below. HG. 2 is a production flow chart showing an 
15 example of the production process of the Polymer Electrolyte Membrane 20 of the 
embodiment As shown in nC. 2, production of the PolymrarHectrolyte Membra^ 
the embodhnent starts at first &om a process to form a membrane body with the main- 
polymer 22 (Step SIO). To be more specific, the membrane body is formed by casting 
solution of the main-polymer 22 on a board material. After that, thus formed membrane 
20 body of the main polymer 22 is dried with hot air (Step S12). Next, the dried membrane 
body is immersed into the liquid sub-polymer 24 to allow the membrane body to be 
impregnated with Oie sub-polymei 24 (Step SI 4), and the Polymer Electrolyte Membrane 
20 of the embodiment is completed. 

In the Polymer Electrolyte Membrane 20 of the embodiment thus completed, the 
25 sub-polymer 24 is introduced into the clearance of the main-polymor 22. The clearance of 
the main-polymer 22 is used as a conduction pass for the proton which ionized from the 
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main-polymer 22. By introducing the sub-polymcr 24 which takes charge of the proton 
conduction into the clearance* more preferable proton conductivity can be obtained even in 
a high-temperature and low humidity state as conq)ared with the case where proton 
migrates as its hydrate. 

5 With the Polymer Electrolyte Membrane 20 of the above-described embodiment, 

preferable proton conductivity can be obtained at a temperature exceeding the boiling point 
of water. Furthermore, since the sub-polymer 24 taices charge of the conduction with die 
proton, favorable proton conductivity can be obtained even in a low humidity state. 
Moreover, since the sub-polymer 24 is introduced more into the conduction pass of the 

10 proton, proton conductivity in relation to the amount of introduction can be improved as 
compared with the case where the sub-polymer is introduced equally to the entire main- 
polymer 22. 

Though an acidic main-polymer having proton conductivity is used as the main- 
polymer 22 in the Polymer Electrolyte Membrane 20 of the embodiment, any substance is 

15 accq>tabk as fkr as it is a usual acid type polymer inaterial. A substance having a clear 
structure for proton conduction pass or having hi^ acidity (for instance, perfhiorosulfonlc 
acid type polymer etc.) is especially prefaablc. A substance which is difficult to prepare 
tiic solution thereof and hereby dif^cult to make a solution blend with a basic polymer 
(for instance, a closslihked polystyrene sulfonic acid membrane, that is a closslinlced PSt-S 

20 membrane, or ethylene-tetiafluoroethylene-graft-polystyrene sulfonic acid membrane, that 
is ETE^-g-PSt-S membrane etc.) can be used as the acidic main-polymer. Furthermore, 
since only the property characterizmg the electrolyte is required, a basic polymer having a 
common basic functional group, for instance, a substance having an ether linkage, an 
imine linkage such as polyethylene imine, a hydroxyl group which is included in 

25 polyethylene glycol, polypropylene glycol, etc. or an amino group, and phosphonate group 
which is included in polyphosphonate etc. are acceptable as the main-polymer 22. 
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In the Polymer Electrolyte Membrane 20 of the embodiment, a basic sub-polymer 
having a molecular weight of 100 or more and a glass transition temperature of ISO^C or 
less, preferably lOO^'C or less is used as the sub-polymer 24, but any substance is 
acceptable if it is a basic polymer having high molecular movement and being less 

5 isolatable from the membrane body. The reason why the molecular weight is defined to be 
100 or more is to prevent isolation of the impregnated sub-polymer 24 from the membrane 
body. In addition, the reason why the glass transition temperature is defined to be \5(yXl 
or less, preferably 100°C or less, is that the sub-polymer 24 is required to be liquid when 
the sub-polymer 24 is impregnated into the membrane body. Particularly, polyethylene 

10 glycol, polypropylene glycol, and polyethylene imine, etc. are preferable because of ttieir 
high molecular movement Polyphosphonate etc. are particularly preferable because such 
a substance has many basic sites. In addition, when a basic polymer is used for the main- 
polymer 22 as the membrane body, it is necessary to use an acid polymer, because the sub- 
polymer 24 is necessary to be different in polarity from the mam-polymer 22. In these 

15 circumstances, any acid polymer having high molecular movement and being less 
isolatable from the membrane body is acceptable as an acid polymer. 

Next, the qualitative property of the Polymer Electrolyte Membrane 20 of the 
present invention will be explained. FIG. 3 is a gmph illustrating the relationship between 
tempmture and proton conductivity in the anhydrous state when polypropylene glycol 

20 (PPG) is used as the sub-polymer (24) and an already-existing acid type polymer as the 
main-polymer 22 in the Polymer Electrolyte Membrane 20 in the embodiment As the 
abeady-existing acid-type polymer, perfluorosulfonic acid type polymer (Nafion 
membrane made by DuFont) and hydrocarbon series sulfonic acid type polyma (A 
membrane and B membrane) are used. As is seen from the graph, each membrane shows 

25 proton conductivity even in an anhydrous state. The reason why the perfluorosulfonic acid 
type polymer has more preferable proton conductivity as compared with the hydrocarixm 
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series sulfonic acid type polymer is considered that the peifluorosulfonic acid type polymer 
is a strong add 

FIG. 4 is a graph illustrating the relationship between temperature and proton 
conductivity in the anhydrous states when polypropylene glycol (PPG) and polyethylene 
5 imine (PEI) are used as the sub-polymer 24 in the Polymer Electrolyte Membrane 20 of the 
embodiment As is seen from the graph, when perfluorosulfanic add type polymer 
(Nafion membrane made by DuPont) is used as the main-polymer 22, there is lltde 
difference m respect to the above two sub-polymers 24, but when a hydrocarbon series 
sulfonic add type polymer (A mmbrane) is used as the main*polymer 22, more favorable 
10 proton conductivity is seen in the case where polyethylene imine (PEI) is used as the sub- 
polymer than in the case where polypropylene glycol (PPG) is used. It is considered that 
the reason is because polyctfaylone imine (PEI) is a more strong basic polymer than 
polypropylene glycol (PPG). 

From a result of reviewing &e gn^hs in FIOs. 3 and 4, it is understood that, from 
15 the qualitative property of Ifae Polymer Qectrolyte Membrane 20 of the embodiment, a 
strong acidic polymer is preferable to be used for the mam-polymer 22, and a strong basic 
polym^ is preferable to be used for the sub-polym^ 24 to obtain more preferable proton 
conductivity in the anhydrous state. 

Next, a concrete example of the Polymer Electrolyte Membrane 20 of the 
20 embodiment will be explained. 

A. Pr^aiation for each embodiment 

(1) A Polymer Electrolyte Membrane obtained by impregnating a basic polym^ 
into a strongly acidic perfluorosulfonic acid type polymer (Nafion membrane) which is 
said to contain an ion cluster. 
25 (1 - 1) A Polymer Electrolyte Membrane of an embodiment 1. 

The Polymer Electrolyte Membrane of the embodiment 1 is obtained by 
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impregnating a Nafion membrane into polypropylene glycol, (hat is by immeising the 
Nafion membiane which is dried with hot air, into polypropylene glycol (PPG) having a 
molecular weight of 300 for fom* hours at lOO^C. 

(1 - 2) A Polymer Electrolyte Membrane of an embodiment 2. 

5 The Polymer Electrolyte Membrane of the embodiment 2 is obtained by 

impregnating a Nafion membrane into polyethylene imine* that is by immersing the Nafion 
membrane which is dried with hot air into polyethylene imine (PEI) having a molecular 
weight of 600 for four hours at lOO^C. 

(1 - 3) A Polymer Electrolyte Membrane of an embodiment 3. 

10 The Polymer Electrolyte Membrane of the embodiment 3 is obtained by 

impregnating a Nafion membrane into polyphosphoric acid, that is by immersing the 
Nafion membrane which is dried with hot air into polyphosphoric acid for four hours at 
lOO^C. 

(2) A Polymer Electrolyte Membrane obtained by impregnating a electrolyte 
15 membrane, which has an phase separation isolated-phase stmcture and can not be made in 
a solution state, into a liquid base polymer. 

As the electrolyte membrane which has an phase sq)aration strucnire and can not 
be made in a solution state, cthylene-tetrafluoix>cthylcne-graft-polystyrcnc sulfonic add 
monbrane (^TFE^-PSt-S membrane) is used. This membrane is obtained by inoneising 
20 an ethylene-tetrafluoroelhylene membrane (ETFE membrane) which is irradiated whfa a 
20 kGy electron beam into a styrene monomer to allow them to react at 60*0 for four hours 
so that a graft membrane (ETFE-g-PSt membrane) having a graft ratio of 45% is composed, 
and after processing the composed graft membrane by immersing it into 5% chlorosulfonic 
acid/ dichloroediane solution for one hour at 80^, the Polymer Electrolyte Membrane can 
25 be obtained introducing sulfonic acid groups into styrene portions of the membrane 
through boilmg them with distilled water for one hour. 
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(2 - 1) A Polymer Electrolyte Membrane of an embodiment 4. 

The Polymer Elec^Iyte Membrane of the embodiment 4 is obtained by 
impregnating an ETPE-g-PSt-S membrane into polypropylene glycol, that is by immersing 
an ETFE-g-PSt-S membrane which is dried with hot air into polypropylene glycol (PPG) 
5 having a molecular weight of 300 for four hours at lOO^C. 

(2 - 2) A Polymer Electrolyte Membrane of an embodiment 5 . 

The Polymer Electrolyte Membrane of the embodiment S is obtained by 
impregnating an ETFE-g-PSt-S membrane mto polyethylene imine, that is by immersing 
an ETFB-g-PSt-S membrane which is dried with hot air mto polyethylene imine (PEI) 
10 having a molecular weight of 600 for four hours at 100°C. 

(3) A Polymer Electrolyte Membrane by closslinking an impregnated basic 
polymer to make its molecular weight high. 

(3 - 1 ) A Polymer Electrolyte Membrane of an embodiment 6. 

The Polymer Electrolyte Membrane of the embodiment 6 is obtained by adding 
15 glycerin triglycidyl ether to the Polymer Electrolyte Membrane (Nafion/PEI) of the 
embodimmt 2, by letting them at ambient temperature for one hour to allow &e glycerin 
tciglycidyi ether to diffuse into the membrane, and by heat-treating it for four hours at 
lOC^C to anchor a polyethylene inune (PEI) dispecse phase into the membrane. 

(4) A Polymer Electrolyte Mmbrane as a comparison. 

20 As the Polymer Electrolyte Membrane of the comparison is adopted from the one 

formed with a solution obtained by dissolving a main-polymer and a sub-polymer into a 
solvent 

(4 - 1) A Polymer Electrolyte Membrane of a comparison 1. 
The Polymer Electrolyte Membrane of the comparison 1 is obtained by dissolving 
25 a mixture of a Nafion membrane and polyethylene glycol (PEG) having a molecular 
weight of 600 at a ratio of 3 : 2 in dimediylfonnamide, by casting the solution thus 
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obtained on a glass board and by vacuum dtying it for 24 houis at 70°C. 
(4 - 2) A Polymer Electrolyte Membrane of a comparison 2. 
The Polymer Electrolyte Membrane of the comparison 2 is obtained by dissolving 
a mixture of a Nafion membrane and polypropylene glycol (PPG) having a molecular 
5 weight of 300 at a ratio of 3 : 2 in dimethylformamide, by castmg the solution thus 
obtained on a glass board and by vacuum diying it for 24 hours at l(fC, 
B. Method of evaluation and the result of the evaluation. 
Bach Polymer Electrolyte Membrane of the embodiments 1 to 6 and comparisons 
1 and 2 is secured to a jig (the distance between electrodes is 10 mm) for measuring proton 
10 conductivity, and the electrical resistance is measured using an AC one pair terminal 
method (10 kHz) in a separable flask in a nitrogen atmosphere. The result of this 
measurement is proton conductivity of each Polymer Electrolyte Membrane. The graphs 
in FIGs 3 and 4 are obtained by measuring the electrical resistance ^ile changing the 
tNnpoature under the same condition. 
15 The amount of intioduction of the sub-polymer is defined as the deviation of the 

weight after and before the introduction. The results are shown in the next table. 



[Table ll 



wo 01/63683 PCT/rBOl/00231 

1 6 



E 
o 

C/) 



o 
o 

2 

C 

o 
z 
o 
h- 
o 
q: 

CL 



o o 

O Q 



O 



u 'L ' 

o o o o o o 

T- r- 

X V >: X y 

lo O CD 

r-I uS CO 0> 



O in Q 09 O u> 
^ ^ m in ^ 



S O a O O O 

2^ S S ? ? z 

g. CL OL CL a. a 

o o o o o o 

o o Q o c Q 



2 

g 
t 

CO 

O 
a 

o 
o 



-J 

Ol 

S5 



o 

CO 

i 

JC 

a 

V) 

o 



I r^ t- 



CD — 
CL 



O 

1 



oi ro ^ m to 

Z 

LU 

2 



D 
O 



Iuj ui ui § S 1^ 
- - o o - 

Q O 



CO CD CD to 
S S S m 



X X 

p o 
CQ in 



CO CD 

CO 



o o 

2 2 

uj y 

QD CO 
2 2 

2 Q 

11 

o o 

CO (0 



0 a 

Ui Cl 

1 ^ 



2 2 

o o 

^ < 

CL CL 

o o 

o o 



wo 01/63683 



17 



PCT/IBOl/00231 



As is seen in the table, the Polymer Electrolyte Membranes of the respective 
embodiments 1 to 6 show a favorable proton conductivity about 10 to 100 times as much 
as those in the comparisons I and 2 at 150^ in an anhydrous state. As is seen in the 
experimental result of the Polymer Electrolyte Membranes of the embodiment 6, even 
5 when ihc introduced sub-polymer 24 is secured into the main-polymer 22 by a closslinking 
reaction, the same proton conductivity is shown as those in the case without closslinking. 
TTie introduced sub-polymer 24 is secured mto the main-polymer 22 by closshnking as 
described above, and thereby the detachment of the sub-polymer 24 from the main- 
polymer 22 can be prevented, the rigidity of the membrane is increased, and the application 
10 at a more elevated tempcratore is enabled. 

The Polymer Electrolyte Membrane 20 of the embodiment cxplamed above in 
detail is described on the assumption that it is used as an electrolyte membrane for a 
Polymer Hecirolytc Membrane fiiel cell, but it is appUcable to any device performing the 

poton conductivity using an electrolyte membrane. 
15 As above, die embodimiajtsaccwdhig to flie present invention have beai 

exphuned, but the present hivcation is not limited at all to these embodiments, and it is 
needless to say that the present mvention is appBcable m a variety of embodiments so far 
as it is within the gist of the invention. Inddentally, the term "impregnation" in this 
application inchides doping. 
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Claims 

1. A Polymer Electrolyte Membrane used as an electrolyte membrane of 

a Polymer Electrolyte Membrane fuel cell, ssud electrolyte membrane comprising: 
5 a main-polymer having acidic sites or basic sites; and 

a sub-polymer capable of forming acidA>ase composite structure together with 
s^d main-polymer. 

wherein said sub-polymcrs are introduced more into the acidic or basic sites of 
said main-polymer. 

10 

2. A Polymer Electrolyte Membrane used as an electrolyte membrane for 

a Polymer Electrolyte Membrane fiiel cell> said electrolyte membrane comprising: 

a membrane body formed with a mam-polymer having acidic sites or basic sites; 

and 

15 a sub-polymer capable of forming acid/base conqx)sito stnictuic together with 

said main-polymer. 

wherein said membrane is formed by impregnating the main-polymer into said 
sub-polymer. 

20 3. The Polymer Electrolyte Membrane according to Qaim 1 or 2. wherein said 
main-polymer is a polymer having a structure divided into a backbone portion not 
containing an acidic or basic site for mamtaining die membrane configuration and a 
poition containing an acidic or basic site. 

25 4. The Polymer Electrolyte Membrane according to Qaim 3, wherein said main- 
polymer is formed with a polymer having a sulfonic acid group, a phosphorous acid group, 



t, 
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a carboxylic acid or a boronic acid group. 

5. The Polymer Electrolyte Membrane according to Claim 4, wherein said main- 
polymer is a perfiuorosulfonic acid type polymer. 

5 

6. The Polymer Electrolyte Membrane according to Qaim 4, wherein said main- 
polymer is an cthylene-tetrafluoroefliylene-graft-polystyrene sulfonic acid type polymer. 

7. The Polymer Electrolyte Membrane according to any one of Claims 1 to 6, 

10 wherein said sub-polymer is introduced by impregnated in a liquid or solution state into 
said main-polymer. 

8. The Polymer Electrolyte Membrane according to Claim 7, wherein said main- 
polymer and said sub-polymer are made by closslink formation or by increasing the 

15 molecular weig^it in conjunction with each other or singly. 

9. The Polymer Electrolyte Membrane accordmg to Claim 4, wherein said sub- 
polymer is a polymer having a glass transition temperature of 150^C or less. 

20 10- The Polymer Electrolyte Membrane according to Claim 4, whwein said sub- 
polymer is a polymer having a molecular weight of 100 or more. 

11. The Polymer Electrolyte Membrane according to Qaim 4, wherein said sub- 
polymer mcludes any one of functional groups having a structure expressed with the 
25 following equations (1) to (5) as a general formula. 
Ichcm.ll 
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-O- ...(1) 

-S- ...(2) 

-N- - ...(3) 
I 

5 -P- ..(4) 

-CO- ...(5) 

12. The Polymer Hecttolyte Membrane accrading to Claim 4, wherein said sub- 
polymer is any one of polyethylene ^ycol, poly[nopylaie glycol, polyefliylene imine or 

10 polyphosphoric acid. 

13. The Polymer Eleclrolytc Membrane according to any one of Qaims 1 to 3, 
whetdn said sab-polymer indudes any one of functional groins haviitg a stiucQire 
eiipregsed with the following equadong (6) to (10) as a general fonnula. 

15 IChenLll 

-O- ...(6) 

-S- ...C7) 

-N- ...(8) 
I 

20 -P- ..(9) 

-CO- ...(10) 



14. The Polymer Qectrolyte Membrane according to any one of Claims 1 to 3, 
wherein said main-polymer is any one of polybenziniidazole, polyvmyl imidazole, 
25 polyvinyl pyridine, ethylene-tetrafluorocthylcne-graft-polyvinylimidazole, ethylcne- 
tetrafluoioethylenc-giaft-polyvinylpyridine, polyphosphonate, polyalkylcne glycol, and 
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polyalkyleiumine. 

15. The Polymer Electrolyte Membrane according to Claim 13 or 14, wherein said 
sub-polymer includes a polymer having a sulfonic acid group, a phosphorous acid group, 

5 carboxylic acid group or boronic acid group (- B (OH)^). 

16. The Polymer Electrolyte Membrane according to Claim 13 or 14, wherein said 
sub-polymer includes a perfluorosulfonic acid type polymer. 

10 17. A method of producing a Polymer Electrolyte Membrane used as an electrolyte 
membrane for a Polymer Electrolyte Membrane fuel cell, comprising the steps of: 

membrane forming to form a membrane body with a main-polymer having an 
acidic or a basic site; and 

introducing a sub-polymer citable of forming an acid/base composite stmcture 
15 with the main-polymer into the membrane body thus formed of the mam-polymer. 

18. A Polymer Electrolyte Membrane used as an electrolyte membrane for a Polymer 
Electrolyte Membiane fuel cell, comprising: 

a main-polymer having an acidic site; and 
20 a sub-polym^ having a relatively basic site with respect to the acidic site of said 

main-polymer and being capable of forming an acid/base composite stmcture witii said 
main-polymer. 

wherein the Polymer Electrolyte Membrane is made by introducing said sub- 
polym^ into said main-polymer. 

25 

19. A Polymer Electrolyte Membrane used as an electrolyte membrane for a Polymer 
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Electiolytc Membrane fticl cell, comprising: 

a main-polymer harving a basic site; and 

a sub-polymcr having a relatively acidic site with respect to the basic site of said 
main.polymer and being capable of forming an acidftase composite strucmre with said 

5 main*polymer. 

wherdn the Polymer Electrolyte Membrane is made by introducing said sub- 
polymer into said main-polymer. 
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FIG. 2 
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FIG. 4 




TEMPERATURECO 



O Nafion MEMBRANE / PPG ( 70.2 % ) 
• Nafion MEMBRANE / PEI ( 44.5 X ) 
A A MEMBRANE / PPG ( 58.6 % ) 
A A MEMBRANE / PQ ( 40.3 % ) 



